conditions. Comparisons between the inversions and the in situ measured data showed that the Dubois empirical model gave the best results for inversion of SM. The standard deviations between the inversed and the measured data at C-band are smn = 6.1% for SM and s, = 0.37cm for soil surface rrns height, respectively. C-band data are better than L-band data for estimation of surface roughness.
INTRODUCTION
The principle of radar measuring soil moisture (SM) is that the backscattering coefficient varies strongly with the soil dielectric constant, and the latter depends on the SM content. Unfortunately, soil surface roughness and vegetation cover also have strong contributions to the backscattering coefficient. Thus, it is difficult to retrieve S S I from single polarization radar data. A polarimetric SAR measures the full polarimetric signatures of targets and the ambiguity implied in backscattering coefficients from the contributions of SM, roughness and vegetation might be removed by evaluating the polarimetric signatures of backscattering coefficients, which makes S M retrieval from polarimetric SAR data possible.
The tool to infer SM from SAR data is backscattering models. It has been realized that the classical surface backscattering models have some limitations when applied t o natural surfaces [l] . Therefore, the Integral Equation Model (IEM), valid in a large range of roughness conditions is currently widely used as a theory for soil scatter THE POLARIMETRIC SAR DATA The test site Foulum used for agriculture study is located in the northern part of Jutland, Denmark. Four different fields were selected as the test fields. There were four C-band acquisitions during 1994 and a number of Land C-band acquisitions during 1995 over the test site, respectively. Polarimetric one-look images with spatial resolution of 2m by 2m are used in the study. One C-band scene acquired on April 28, 1994, a number of L-and Cband scenes acquired in 1995, for instance, on March 22 
SM VARIATIONS AT FIELD SCALE
In situ SM was measured at each sampling point with 6 samples for the T D R and 3 samples for the sampling rings, respectively. Mean values of the measured water contents are plotted against standard deviations and the number of samples in Fig. 1 . Volumetric water content is calculated as the product of soil bulk density and gravimetric water content. Bulk density varies normally between 0.8 and 1.4g/cm3, sometimes caused by sampling in and outside tractor wheel tracks. However, the standard deviation of the volumetric water content never exceeds 4.596, which is in agreement with findings by Bell e t al. [6] .
The Coefficient of Variation (CV) in Fig. 2 is 16% or lower. Bell et al. [6] state that for mean SM higher than 20 vol.% CV is generally less than 15%, a value which is desirable for SM-brightness temperature correlations. 
SM AND rms HEIGHT RETRIEVAL
The theoretical IEM, the Oh's polarized ratio model and the Dubois's co-polarized backscattering, coefficient model have been applied to the fields under near bare soil conditions determined by Dubois's criteria & , / u~~ < -1ldB for both L-and C-band [a] . The roughness conditions of the fields fall into the validity regions of these models. Dobson's dielectric constant model has been used to convert between dielectric constant and SM [7] .
Inversion with the IEM
The measured roughness data show that the hybrid Gauss-Exp function which is the product of Gaussian and exponential functions is a suitable form for autocorrelation function (ACF) [5] , and there is approximately a linear relation between the correlation length 1 and the rms height IT for a natural soil surface. In the inversion with the IEM, the hybrid Gauss-Exp function is used for the ACF and 1 is replaced by the linear correspondencls with IT. Results of the inversion from numerical fit of the IEM to the SAR data show that the IEM underestimates SM, and a r m s error of LO 0% is obtained. This underestimation is equivalent to an overestimation of the backscattering coefficient.
A recent study indicates that one reasoin may be that the surface roughness measured zn sztu does not resemble the roughness relevant for the radar backscattering. The radar signal is probably backscattered by a smoother subsurface layer.
Inversion with the Oh Model
Oh developed a polarized ratio model in 1992 and modified it in 1994 [3]. Unfortunately, only few of the EMISAR data could be inversed with both versions of the model, and the agreement was poor between the inversed and the measured SM. One reason might be that the model uses both CO-and cross-polarized ratios. Cross-polarized ratio has a larger uncertainty compared to co-polarized backscatter because of the poorer signal-to-noise ratio.
Inversion with the Dubois Model
Figs. 3 shows the inversed SM and the rms height using the Dubois model. The rms errors between the inversed and the measured m, are 7.6% (L-band, N = 7) and 6.1% (C-band, N = ll), and the rms errors for U are 0.65cm (L-band, N = 12) and 0.37cm (C-band, N = 12) . respectively. The Dubois model gave the best results of the three. There is no preference of L-or C-band for SM inversion, but for r m s height inversion C-band gave the best results, and the rms error is very close to that of Dubois, 0.35cm [a] 
CONCLUDING REMARKS

2.5
Retrieval of SM with the polarimetric EMISAR data has been presented. The detailed grid measurements of the in situ SM data show that the standard deviation of SM at field scale is below 4.5%, which illustrates probably the best accuracy of the SAR measured SM. One can not expect that the accuracy of the SAR measured SM is better than the accuracy of the in situ measurement. The Dubois model for inversion of SM showed better results than both the Oh model and the IEM model. The L-and C-band data showed equivalent results for SM retrieval, whereas the C-band data was preferred for the r m s height retrieval using the Dubois model. The validity condition of the Dubois model has been discussed under the restriction of On-going work is focused on two aspects. To improve in situ data quality by using a laser instrument to measure the roughness and by increasing the number of samples for SM measurement. To improve the inversion accuracy by modifying the existing models. 
